ABSTRACT. The aim of this study was to develop an event-specific qualitative and real-time quantitative polymerase chain reaction (PCR) method for detection of herbicide-tolerance genetically modified (GM) soybean A2704-12. The event-specific PCR primers were designed, based on the 5'-flanking integration sequence in the soybean genome, to amplify the 239-bp target fragment. Employing the same event-specific primers, qualitative PCR and real-time quantitative PCR detection methods were successfully developed. The results showed that the A2704-12 event could be specifically distinguished from other GM soybean events. In the qualitative PCR assay, the limit of detection was 0.05%, and in the real-time quantitative PCR assay, the limit of detection was less than 0.01%. Moreover, our genomic DNA (gDNA) extraction protocol is highthroughput, safe, and low-cost. The event-specific PCR assay system is costefficient by using SYBR Green I in real-time PCR, and by using the same primers in both the qualitative and quantitative PCR assays. We therefore developed a high-throughput, low-cost, and event-specific qualitative and quantitative PCR detection method for GM soybean A2704-12. The method would be useful for market supervision and management of GM soybean A2704-12 due to its high specificity and sensitivity.
INTRODUCTION
Genetically modified (GM) crops can make important contributions to global food security and sustainable development. The area of GM crops reached 160 million hectares in 2011. GM soybean (Glycine max) continued to be the principal GM crop in 2011, occupying 47% of the total area of global GM crops. Herbicide tolerance has consistently been the dominant trait in GM crops (James, 2011) . The herbicide-tolerant GM soybean line A2704-12 was initially developed by Bayer CropScience. This soybean line has been genetically modified by the introduction and expression of the pat gene, which confers tolerance to herbicides containing the active ingredient glufosinate ammonium. GM soybean line A2704-12 has been approved for cultivation for feed and food in the major soybean producing countries, such as China, Brazil, Argentina, and the US (Ma et al., 2011a; Marinho et al., 2012) .
The number of approved GM crops is continuously growing (James, 2011) . However, in order to strengthen the regulations of genetically modified organisms (GMOs), more than 50 countries and areas have published a series of laws and rules for GMO regulations and mandatory labeling. Therefore, the easy and reliable detection of GM crops is of particular applied significance.
Many detection methods have been developed to date based on either DNA detection or protein detection (Nascimento et al., 2012) . However, DNA amplification by polymerase chain reaction (PCR) is the most commonly used method worldwide. Conventional PCR is able to qualitatively detect GMOs, whereas the real-time PCR method can be used to quantitatively detect GMOs for better quantitative performance, greater sensitivity, and accuracy (Ma et al., 2011a; Maciel et al., 2011) . The detection of specific elements such as promoters, coding sequences, and terminators can be very helpful for identifying GMOs. Nevertheless, the detection of specific elements cannot distinguish the different GM events involving the same specific elements. Therefore, the event-specific PCR detection method was used for GMO detection because of its high specificity for the flanking sequence of the inserted DNA fragment (Yang et al., 2005) .
Although some methods have previously been used to detect herbicide resistance in GM soybean A2704-12, these methods were low-throughput, costly, and/or not event-specific. Therefore, the aim of this study was to develop a high-throughput, low-cost, and event-specific method to detect herbicide resistance GM soybean A2704-12 using both conventional and real-time PCR assays.
MATERIAL AND METHODS

Soybean samples
Seeds of A2704-12 and other GM soybean events (A5547-127, MON89788, and GTS40-3-2) were used. Seeds of the non-GM soybean cultivar A2704 were used as the negative control. To obtain leaf samples, seeds were cultured in an incubator under light.
Event-specific PCR primers design
The 5'-flanking sequence of the inserted fragment in A2704-12 was determined using thermal asymmetric interlaced PCR (TAIL-PCR) (Liu et al., 1995) . The primers were designed with Primer Express 3.0 software (Life Technologies, CA, USA). The design of eventspecific PCR primers for A2704-12 is shown in Figure 1 . The primers were synthesized (Life Technologies), and their sequences are shown in Table 1 . The soybean lectin gene (GenBank accession No. K00821) was chosen as the endogenous reference gene. 
DNA extraction
For high-throughput genomic DNA (gDNA) extraction, 10-20 mg soybean leaf sample or 50 mg soybean seed powder was placed in a 96-well deep well block. The seed powder was prepared according to the method of Kamiya and Kiguchi (2003) . The high-throughput gDNA extraction procedure used was described in a previous report (Li et al., 2012) . Briefly, the sample was suspended in 300 µL extraction buffer (100 mM Tris-HCl, pH 8.0, 50 mM EDTA, pH 8.0, 1 M NaCl, and 1.25% sodium dodecyl sulfate, with the addition of 1% 2-mercaptoethanol before use), then vigorously vortexed for 1 min. Next, 150 µL 5 M potassium acetate was added to the tube, and vigorously vortexed again for 1 min. The suspension was centrifuged for 10 min at 12,000 x g, then 300 µL supernatant was transferred to a new block with 200 µL isopropanol in each well. The suspension was centrifuged for 10 min at 12,000 x g. The supernatant was discarded, and the DNA was washed with 600 µL 70% ethanol, and air-dried on a clean bench. The DNA was dissolved in 150 µL 0.1X TE buffer (1 mM Tris-HCl, pH 8.0, and 0.1 mM EDTA, pH 8.0). The DNA concentration was determined using a NanoDrop 2000 spectrophotometer (Thermo Scientific, DE) according to manufacturer protocol.
Qualitative PCR assays
In qualitative PCR assays, the amplifications were carried out in 20 µL volume reactions, with 2 µL DNA samples, 1X PCR buffer (10 mM Tris-HCl, pH 8.3, and 1.5 mM MgCl 2 ), 250 µM dNTP mix, 200 nM each primer, and 1 U Taq DNA polymerase (Takara, Dalian, China). The PCR amplifications were performed in the GeneAmp PCR 9700 system (Life Technologies) with the following program: denaturation at 95°C for 5 min, 35 cycles of 30 s at 94°C, 30 s at 58°C, 30 s at 72°C; extension at 72°C for 7 min. Amplification products were electrophoresed on 2% agarose gels at 100 V for 25 min on 1X TAE (Tris-base, glacial acetic acid, EDTA) gel buffer. The gel was stained with 0.25 µg/mL ethidium bromide for DNA visualization.
Real-time quantitative PCR assays
Real-time PCR was performed on an Applied Biosystems 7500 Real Time PCR System (Life Technologies). Amplification was carried out in a total volume of 20 µL, containing 200 nM primers, 1X SYBR  Premix Ex Taq TM II (Takara), 1X ROX reference dye (Takara), and 4 µL DNA templates (or different dilution samples), brought up to volume with nuclease-free water. Amplification was carried out using the following program: 3 min at 95°C for pre-denaturation, then 40 cycles of 5 s at 95°C and 34 s at 60°C. After PCR amplification, dissociation curve analysis was performed as follows: the PCR products were heated to 95°C for 1 min, cooled at 60°C for 1 min, and then slowly heated to 95°C at a rate of 0.2°C/s. The threshold cycle (C T ) values were automatically calculated with the 7500 software version 2.0.5 (Life Technologies).
Specificity and limit of detection (LOD) of event-specific PCR assays
To determine the specificity, the genomic DNA samples from the different GM soybeans (A2704-12, A5547-127, GTS40-3-2, and MON89788) were detected by event-specific qualitative and quantitative PCR.
To determine the LOD, a 50 ng/µL gDNA sample of A2704-12 was diluted with 0.1X TE buffer to obtain a dilution series: 10-fold, 100-fold, 200-fold, 1000-fold, 2000-fold, and 10,000-fold. The mass concentrations (w/v) of A2704-12 genomic DNA were 10, 1, 0.5, 0.1, 0.05, and 0.01%.
In qualitative and real-time quantitative PCR assays, the positive control (PC) was the sequenced plasmid DNA, which contained the 5'-flanking sequence of the inserted fragment in A2704-12. The negative control (NC) was genomic DNA of the non-GM soybean cultivar, A2704. The plasmid or gDNA concentration of each sample was diluted to 50 ng/µL with 0.1X TE buffer. In order to exclude the false positive results, no template control (NTC) and single primer controls (SPC) were used in qualitative and real-time quantitative PCR assays.
RESULTS AND DISCUSSION
DNA extraction
Typically, DNA samples have an A260/A280 ratio > 1.8 and an A260/A230 ratio > 2.0, which indicate that the DNA quality is sufficient for further examination (Sambrook and Russell, 2001) . In this study, the A260/A280 ratio ranged from 1.87 to 2.10, and the A260/ A230 ratio ranged from 2.01 to 2.18. These results showed that the DNA had little contamination of protein, polysaccharides, or polyphenols, which would inhibit the enzymatic activity of DNA polymerase and affect PCR amplification efficiency (Li et al., 2012) . Most gDNA extraction methods are based on the microcentrifuge tube format. Our extraction procedure provides high throughput by using a 96-well block to isolate gDNA. The extracted gDNA was sufficient with respect to quantity and purity for conventional and real-time PCR assays.
Specificity and LOD of the qualitative PCR assay
PCR amplification revealed the target 239 bp fragment with a clear and sharp band (Figure 2 ). Successful PCR amplification also indicated that the gDNA was of high quality and amplifiable. The fragment was obtained from GM soybean A2704-12, and no amplification product was observed from the other GM soybeans (A5547-127, MON89788, and GTS40-3-2), SPC, NC, or NTC (Figure 2 ). These data indicated that the target 239 bp DNA fragment was unique to A2704-12. In other words, this qualitative PCR assay was the event-specific PCR assay for GM soybean A2704-12. In order to determine the LOD of the event-specific qualitative PCR assay, the 50 ng/µL gDNA sample of A2704-12 was diluted. The mass concentrations (w/v) of A2704-12 gDNA were 10, 1, 0.5, 0.1, 0.05 and 0.01%. Figure 3 shows that the target fragment could not be detected in the 0.01% concentration (Figure 3 ). This indicated that the LOD of the eventspecific qualitative PCR assay for GM soybean A2704-12 was 0.05%. 
Specificity and LOD of the real-time quantitative PCR assay
The results of the real-time quantitative PCR assay are shown in Table 2 . The realtime quantitative PCR assay was also event-specific for GM soybean A2704-12 (Table 2 ). The fluorescent signal was undetermined from the other GM soybeans (A5547-127, MON89788, and GTS40-3-2), SPC, NC, and NTC (Table 2) . Table 2 . Event-specific qualitative and real-time quantitative PCR results for A2704-12.
The symbol + signifies where product was detected. The symbol -signifies no product detected. *Means ± SD, N = 6. C T -Lectin was the C T value of reference lectin gene. PC = positive control of the sequenced plasmid DNA. NC = negative control of non-GM soybean cultivar A2704. NTC = no template control of water. SPC-F = single primer control of A2704-F or Lectin-F. SPC-R = single primer control of A2704-R or Lectin-R.
The LOD of the real-time quantitative PCR assay for GM soybean A2704-12 was less than 0.01% (Table 2) . Overall, the real-time quantitative PCR assay showed uniform eventspecific results and higher sensitivity compared to the qualitative PCR assay.
Evaluation of the event-specific PCR assays for A2704-12
Obtaining DNA of high quality is necessary for achieving reproducible results in conventional and real-time PCR assays (Cankar et al., 2006) . Using a 96-well block, our gDNA extraction procedure provided high-throughput for isolating gDNA from a large number of plant samples. Our protocol does not require phenol-chloroform and liquid nitrogen or dry ice. Moreover, phenol in gDNA samples would inhibit the enzymatic activity of DNA polymerase, and affects PCR amplification efficiency (Li et al., 2012) . Therefore, our gDNA extraction protocol is high-throughput, safe, and low-cost. Furthermore, the extracted gDNA is sufficient in quantity and purity for real-time PCR.
Real-time PCR has become an indispensable analytical platform for nucleic acid quantification owing to its quantitative performance, sensitivity, and accuracy. SYBR Green I, a commonly used fluorescent DNA binding dye, has been used widely in real-time PCR assays (Maciel et al., 2011) . In this study, we chose the same primers for the qualitative and real-time quantitative PCR assays, and employed SYBR Green I in real-time quantitative PCR. Therefore, the assay system is cost-efficient. Simple primer PCR correction is helpful in eliminating false positive results in PCR amplification (Ma et al., 2011b) . In this study, SPC was not detected in either the qualitative or real-time quantitative PCR assays. Therefore, the primers used in this study are specific for detecting the target fragment.
PCR-based GMO detection methods can be divided into four categories: screening, gene-specific, construct-specific, and event-specific PCR methods (Zhang et al., 2012) . The target fragment of event-specific PCR lies in the junction at the integration locus between the recipient genome and the inserted DNA. The 5'-flanking or 3'-flanking sequence at the integration locus is event-specific. Many event-specific PCR methods have been established to detect several GM crops, including rice, maize, and soybean (Zhang et al., 2012) . In this study, based on the 5'-flanking sequence, the event-specific primers were designed to amplify the 239-bp target fragment. The qualitative and real-time quantitative PCR assays showed uniform eventspecific results for GM soybean A2704-12.
In conclusion, we developed a high-throughput, low-cost, and event-specific qualitative and quantitative PCR detection method for GM soybean A2704-12. Due to its specificity and sensitivity, this method should be useful for GM soybean A2704-12 detection, regulation, and labeling.
